Commission VIII, WG VIII/9 KEY WORDS: ALOS, ALOS-2, SAR, Ship Recycling, Remote Sensing
INTRODUCTION
Ship recycling is the activity of complete or partially dismantling of a ship at ship breaking yard in order to recover components and materials for reprocessing and re-use. Ship breaking industry has been playing a great role in the economy via providing raw materials to steel industry, shipbuilding industry and some other industries. Ship-breaking industries also generate a number of employment opportunities for developing countries. Some existing problem like safety of worker, health and working environment issues drawing negative picture of this industry for the country (Jobaid, 2014) . Moreover, the ship scrapping activities contaminate the coastal soil and sea water environment mainly through the discharge of ammonia, burned oil spill, floatable grease balls and lubricants, metal iron and various other disposable refuse materials together with high turbidity of sea water (Islam, 1986) . The Advanced Land Observing Satellite (ALOS) was launched for earth observation and there are more than 6 million scenes of archives including coastal areas during period of five years. The wealth of satellite imagery is noticeable for investigating monitoring methods such as ship detection (Watagawa, 2012) . Especially, it is useful way to estimate past behaviour from satellite imagery compared to reference data. In this study, Remote Sensing Application has been discussed in order to assess the potential to be used for economic activities such as ship recycling.
SHIP RECYCLING MARKET
According to Report (UNCTAD, 2014) , total demolitions in 2013 were 20 % lower than in the record year 2012. China and South Asia continue dominating the market for ship recycling, together accounting for 92 % of tonnage demolished in 2013. Bulk carriers accounted for 44 % of the tonnage demolished in 2013, followed by oil tankers (20 %) and container ships (18 %).
Bangladesh had its highest market share in dry-bulk carriers (33 %), China in gas carriers (65 %), India in container ships (61 %), and Pakistan in oil tankers (46 %) and offshore vessels (66 %). Figure. 
METHODOLOGY
This study proposes a methodology of recycling ships identification in breaking yards by analysis ALOS imagery. We collected time-series ALOS imagery over ship breaking area of major country, India and Bangladesh. In this chapter, our study area, and ALOS imagery are introduced.
Major Ship Breaking Yards
The current ship-breaking majors, located on the Indian subcontinent and South-East Asia, are conveniently close to the majority of trade routes and offer minimum transport distances for many vessels as they can often be stemmed with a cargo for delivery close to the final point of disposal. More than 90 % of global ship recycling activities takes place on the beaches of Bangladesh (Chittagong), India (Alang), Pakistan (Gaddani estate in Baluchistan) and in China (Andersen, 2001) . Major ship breaking yards is geographically located on both side of Indian peninsula ( Figure. 2). This study focuses on analysis of the ship breaking activities by Satellite imagery in the along the beaches of Alang and Chittagong. 
Time-series Satellite ALOS imagery
This study focuses on evaluating the potential of ALOS timeseries data to estimate the amount of the ship recycling activity and in the coastal zone. The ALOS has three remote-sensing instruments: the Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) for digital elevation mapping with 2.5 m spatial resolution, the Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) for precise land coverage observation with 10 m spatial resolution, and the Phased Array type L-band Synthetic Aperture Radar (PALSAR) for day-andnight and all-weather land observation (JAXA). We collected ALOS imagery covering ship breaking yards of each Alang and Chittagong between year 2007 and 2011 for the period are available. Considering the available period and the resolutions of these images, we use ALOS PRISM and AVNIR-2 as the main imagery source for analysis.Summary of Timeseries ALOS data around each Alang and Chittagong are summarized in Table 1 and Table 2 
Analysis breaking ships by ALOS imagery
We found that ALOS imagery can classify vessels structure into categorized vessels in a previous study (Watagawa, 2012) . Several methods were used for extracting ships on ALOS imagery. More specifically, vessel figure were filtered by using spatial search function of GIS. From the results, it can measure ship-LOA (Length over All) of more than 65.5 m vessels within RMSE 6 m from the ALOS imagery itself. Breaking vessels figure should be recognized by using developed methods. First approach is counting the number of breaking ships on each acquisition day by time-series ALOS imagery. Figure. 3 shows example of extracted ships of experimental area in Chittagong. (Sivaprasad K, 2010 ). Figure.4 shows part of experimental area in Chittagong. ALOS imagery shows 15 km stretch of the Bangladeshi coast northwest of Chittagong where ships from around the world are beached. Beaching is the most common method and is widely used in most places in India, Bangladesh and Pakistan. In the beaching method, the ships are grounded in inter-tidal zone, either under their own power or under tow, during spring tides (Mathesh B, 2016) . 
Analysis Ship Breaking Process
We extracted ships structure and counting the number of breaking ships on each acquisition day from time-series ALOS imagery. The LOA observed in the ALOS imagery is obtained from those spatial points (bow and stern) of the vessel structure and the measurement was done using GIS calculation tool. indicated keeping own structure. It estimated the beaching ships are dismantled not less than 3 month vessel. This process would enable to recognize and classify various breaking process. However, we just counted the number of ships or breaking structure in this study. Figure 6 . ALOS imagery capturing ship breaking process every 46 days at 1:5,000 scale ©PASCO / Included Material ©JAXA
ESTIMATING THE AMOUNT OF RECYCLING SHIP ACTIVITY
In order to validate estimating the amount of recycling ships in experimental area from satellite imagery has been evaluated. It has been compared the number of recycling ships by satellite imagery to the total number from world statistics. All of the results are summarized in Table 3 and Table 4 . The row of ships from ALOS is the total number from imagery, the row of ships from Statistics is annual number of disposals of each area (Chittagong and Alang). From this result, recycling ships analysis by ALOS imagery and relativity with statistics. We found a total number of over 100 ships until June from January of year 2009 in Chittagong. Then, total number in end of December 2009 will be approximated equal to the statistics in Chittagong. On the other hand, it seems three times of number of ships will be approximated equal to the statistics in Alang. Comparing the number of recycling ships by satellite imagery to the total number from world statistics indicate to well understand capacity of each country. Table 4 . Total number of recycling ships analysis by ALOS imagery of ship breaking yards around Alang
FUTURE WORK
Nowadays, the number of Earth observation Satellite onboard Synthetic Aperture Rader (SAR) sensor. Future work aims to investigate continuous monitoring of space-born SAR sensors for ship recycling activity.
Recycling ships analysis by ALOS-2 imagery
The ALOS-2 is the successor to the ALOS has been lunched in 2014. Japanese L-band radar keep monitoring for disaster, agriculture, as well as several maritime activity to improve the protection of the marine environment (Watagawa, 2015) . We used the PALSAR-2 imagery of Chittagong was acquired in SM3 ( Figure. 7 shows example of extracted ships of experimental area in Chittagong from PALSAR-2 color-composite imagery. The HH information channel was assigned to red, HV was assigned to green, a third channel is derived from the two polarizations (the HV/HH ratio) to create the color-composite image was assigned to blue. Open water, such as rivers, lakes and the seas appear in blue. Green indicates vegetation, light purple and yellowish green are urban areas including building and vessel structure. By analysing false color through the use of polarized wave information, we can understand key land cover types clearly. From this imagery, Strip map mode can be recognized recycling ships. 
CONCLUSION
In this paper, Remote Sensing Application has been discussed in order to assess the potential to be used for economic activities such as ship recycling. It was used to evaluate the performance of ship recycling monitoring in wide coastal area by Satellite imagery. Additionally, an approach for recognizing ships by SAR imagery regardless of weather conditions is presented. We continue to investigate SAR sensors (especially ALOS-2) for maritime safety.
